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(54) METHOD FOR OBTAINING A PICTURE OF THE INTERNAL STRUCTURE OF AN OBJECT 
USING X-RAY RADIATION AND DEVICE FOR THE IMPLEMENTATION THEREOF 



(57) The Invention lelates to means used to obtain 
a picture, presented In a visually perceptible form, of the 
Internal stnjcture of a subject In particular a biological 
one. According to the inventive method, X-fey radiation 
emitted by a source Is concentrated (for example, with 
the aid of an X-ray lens (2)) in an area containing a point 

(4) , placed lr»ide an investigated field (7) of a subject 

(5) and to which current measurement results are relat- 
ed. Secondary radiation (compton, fluorescent) which 
emerges within said area is transported (for example, 
with the aid of an X-ray lens (3)) to one or several de- 



tectors (6), A scan-out of the Investigated field (7) of the 
subject {6) is performed by displadng said area, and the 
density of the subjed at that point is detennlned by to- 
taling the secondary radiation Intensity values received 
from one or several detectors (6) and determined simul- 
taneously with the coordinates of the point (4). The den- 
sity values, together with corresponding coordinate val- 
ues obtained with the aid of transducers (11), are used 
In the unit (12) for data processing and data display in 
order Id create a picture of the density distribution of the 
substance within the investigated fieU of the subject 
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Description 

[0001] The proposed inventions reiate to means of In- 
travlewing and are utilized for Image fomiation of the lr> 
temal structure of an object, in particular biological ob- 
jects, with the use of X-rays. These Inventions are sup- 
posed to be used In the defectoscopy and medical di- 
agnostics. 

[0002] Known are various methods and devices for 
the said purpose, using the traditional principles of pro- 
jection roentgenosoopy. By such methods and devices 
the visible image of the internal structure of the object, 
fbr instance the tissues of biological objects. Is obtained 
In Itie form of a shadow projection. TTie density of the 
resulting Image in each of its spots is defined by total 
reduction of the X-rays, that passed through the object 
under study on the way from the radiation source to the 
detection device. As detectors device often used a flu- 
orescent screen or an X-ray film is used, which is then 
chemically treated to obtain the image visualization (see 
Poiytechnicai Dictionary, Moscow, "Soviet Encyclope- 
dia", 1976 [1], p. 425; Physics of image visualization in 
medicine. Edited by S. Webb. Moscow, ''Mir, 1991 [2]. 
P.4CM1). 

[0003] In the said methods and devices the image of 
the real three-dimensional structure Is obtained in the 
said two-dimensional shady projection form. The spe> 
cfiallst analyzing the object (In particular, in technical and 
medical diagnostics), must have proper qualification 
and experience for interpretation of said shadow projec- 
tion, and In some cues Interpretation can be difficult for 
flie following reasons: low contrast, low slgnaMioise re- 
lation, inevitable interferenoe of the Images of structure 
elements, impossibiiityof quantitative comparison of the 
individual local fragments of the ot)iect with regard to 
density. TTie definition and contrast range of the image 
decrease as well underthe effect of quanta of secondary 
Compton srattersd radiation hitting on the detection de- 
vice. 

[0004] Known are also methodes and devices for X- 
ray computer tomography for obtaining a two-dimen- 
sional image of a thin layer of a three-dimensional object 
(V.V. PiWov, N.G. Preobrazhensidy. Computer tomogra- 
phy and physical experiment Achievements of physical 
sciences, v. 141, 3r«> ed., November 1983. p. 469^98 
[3]; see also [2], p. 138-146). In such methods the de- 
tection results the object under study Is repeatedly irra- 
diated from different positions, and the radiation that 
passed through this object, is received by a row of d&- 
tectors. The distribution of densities of the object's tis- 
sues in the cross-section under study is obtained in dls^ 
Crete form by solution of a system of equations with the 
use of a computer, the order of the equations and the 
quantity of the resolution elements corresponding the 
product of the quantity of positions, from which the Irra- 
diation is nsaiized. by the quantity of the detectors. A 
thrse-dimensional image of the object can be obtained 
on the bases of a set of two-dimensional lit-parlit Images 



by irradiation in different cross-sections, in principle a 
fairly high quality of the Image can be obtained with the 
use of computer tomography devices, this image repre- 
senting a picture of distribution of tissue densities (and 
5 not a picture caused by Integral absorption of sut>stance 
(for Instance, biological tissues) located on the path the 
radiation talces from Its source to any of the elements of 
visible projection). IHowever, this can be obtained by In- 
creasing of quantity of positions of irradiation, in this 

10 case the radiation dose absorbed by the substance in- 
creases, which is undesirable (and mostly Inadmissible 
In medical applications). Also in this type of known meth- 
ods and devices the presence of the scattered Compton 
radiation is a negative factor. Medical applications of 

IS methods and devices of both types conoemed are char- 
acterized by intensive irradiation that acts also on tis- 
sues and organs of no interest for Investigation, if these 
are located in the path of the radiation ( in front of or 
behind the area under study). The irradiation In meth- 

20 odes and devices of the second group is less than in tlie 
first one since with different positions of IrrBdiation dif- 
ferent tissues and organs, surrounding those under 
study, are irradiated. In the devices of the second group 
an increase of resolution for which more sources of ir- 

25 radiation from different points ars required, is limited, 
first of ail. by an inacceptable increase of the Irradiation 
dose. TTie technical devices fbr obtaining the primary 
Information and subsequent reconstruction of the image 
are very complicated. It is due both to the necessity of 

30 using fast computers with special software and high de- 
mands to the precision of mechanical construction ele- 
ments, which must guarantee the right localization of the 
same elements of resolution of the area under study 
when irradiating them from different points. The latter is 

35 Important since in the calculationsfor reconstructing the 
Image actual data nujst appear that are deduced In dif- 
ferent cycles of imadiatfon, but refer to the same ele- 
ments of resolution. 

[0005] Closest to the invention are the methods and 
^ devices of the second group by which discrete informa- 
tion on the density of each element of resolution Is ot)- 
talned. 



46 



Description off the imventlon 



[OOOq The proposed inventions are aimed on the fol- 
lowing technical result: mcrease of the accuracy of de- 
fining the relative indices of the sui>stance density of the 
obtained Image without the need of using complicated 

so and expensive technical means. TTie application of the 
proposed inventions in medical diagnostics and other 
fields of research where biological objects are affects, 
allows to decrease the irradiation dose on the tissues 
sunounding those under study. 

ss [0007] The technical results mentioned above are 
achieved in the proposed method of image formation of 
the internal structure of an object with the use of X-rays, 
by concentrating this radiation should In an zone com- 
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prising a point to which tho current results of measure- 
ments are referred. Secondary radiation (scattered co- 
herent and incoherent Compton radiation, fluoresoenoe 
radiation), resulting from this zone, is Iransported to one 
or more detectors. The scanning of the object's zone 
under study is realized by moving said zone. Simultar 
neously the coordinates of the point of X-ray concentra- 
tion of the zone are defined and fixed to which point cur- 
rent results of measurement are referred. The density 
of the object's sut>st8nce in said point Is evaluated on 
the basis of the values of secondary radiation Intensity 
obtained from one or more detectors and defined at the 
same time with the coordinates of this point. The ob- 
tained values, talcen as the indices of density of the ot>- 
Jecf s substance, In combination with the coordinate val- 
ues corresponding to them, are used for mateOing the 
picture of distribution of substance density of the ob- 
Jecfs area under study. For scanning the area under 
study the zone of X-ray concentration Is moved by rel- 
ative shifting the object under study arxf the X-ray sourc- 
es that are in a fixed position relative to each other, to- 
gether with the means for X-ray concentration, the 
means for transportation of the secondary radiation to- 
wards the detectors, and the detectors themselves. 
[OOOa] A common feature of the icnown ([2], p. 
138-146.[3], p. 471-472) and the proposed method con- 
s»ts in acting on the object under study with X-rays with 
nelat've shining of the object under study and the X-ray 
optical system, the latter including X-ray sources togeth- 
er with their control means and detectors. 
[0009] One characterizing feature of the proposed 
method consists in the step of concentration of X-rays 
in the zone comprising the point to which the current re- 
suits of measurements are referred. Scanning is a com- 
mon feature for ioiown and proposed methods, but in 
the latter it Is effected In an entirely different way, name- 
ly, tfy moving tlie current position of the zone of X-ray 
concentration to the vicinity of the next point, for which 
the substance density of the object under study shall be 
defined. Another characterizing feature Is the step of 
transporting the secondary radiation (scattered Comp- 
ton coherent and incoherent radiation, fluorescent radi- 
ation), excited in the concentration zone, from this zone 
to the detector (detectors). 

[0010] In this case that acts on the detector (detec- 
tors) but said secondary radiation it Is not the radiation 
from the source itself that passes through the subject 
under study. As Is well known (see J. Jackson, "Classi- 
cal Electrodynamics". Moscow, publ. house "Mir, 1965, 
pp. 537- 538 [4]), the intensity of the secondary radia- 
tion, with ail other conditions remaining unchanged is 
proportional to the density of the substance, in which 
this radiation Is excited, irrespective of the nature of the 
substance, owing to this fact the secondary scattered 
radiation representing a disturbing factor in the known 
method, becomes the information factor. The utilization 
of the current values of the intensity of the secondary 
radiation as a coefficient of sut>stanoe density in the 



point to which the current results of measurements are 
referred, is also a characterizing feature of the proposed 
method. 

[001 1] According to one specific emtxKllmenit one or 
s more coiiimators are used to concentrate X-rays in the 
zone with the point to which the current results of meas- 
urements are referred. In this case an according quan- 
tity of X-ray sources spaced apart over the area is used. 
The secondary radiation formed is transported to one or 
more detectors also by one or mora collimators. In this 
case all collimators are oriented such that the axis of 
their central channels meet in the point to which the cur- 
rent results of measurements are referred. 
[0012] According to another embodiment the X-ray 
concentration In thezone with the pdntto which the cur- 
rent results of measurements are referred is obtained 
by using one or more X-ray hemllenses which transform 
the divergent racfiaHon of the according quantity of X- 
ray sources spaced apart over the area into quasl-par- 
aOel radiation. In this case the secondary radiation 
formed is transported to the one or more detectors by 
one or more X-ray hemiienses or lenses, focusing said 
radiation on the detectors. TIransporting tfie secondary 
radiation to the one or more detectors can also be ef- 
fected by means of one or more X-ray hemifenses form- 
ing a quasi-parallel radiation. In this case all X-ray lens- 
es and hemiienses are oriented such that optic axis 
meet the point to which the current results of measure- 
ments are referred. 

[0013] According to a further embodiment X-ray con- 
centration In the zone with the point to which the current 
results of measurements are referred is realized by 
means of one or more X-ray hemiienses which trans^ 
form the divergent radiation of the according quantity of 
the sources spaced apart over the area Into qu»i-par- 
aOel transporting of the secondary radiation formed to 
the one or more detectors, however, t>eing realized by 
means of one or more oollimators. I n this case the X-iay 
hemiienses and collimators are oriented such that the 
optic axis of all X-ray hemiienses and of the central 
channels of all coiiimators meet In the point to which the 
current results of measurements are referred. 
[0014] The X-ray oonoentration in the zone with the 
point to which the current results of measurements are 
referred can also be effected t>y of one or more X-ray 
sources spaced apart over the area and an according 
quantity of X-ray lenses that focus the divergent X-raye 
of each source in the point to which the current results 
of measurements are refen^, transportation of the sec- 
ondary radiation formed to the one or more detectors 
being realized by means of the X-ray lenses which focus 
this radiation on the detectors and possess the second 
focus In the said point, in the embodiment providing for 
X-rays concentration in the zone with the point to which 
the current results of measurements are referred by the 
use of one or more X-ray sources spaced a|>ar| over the 
area and the according quantity of X-ray lenses that fo- 
cus the divergent roentgen radiation of each of the 
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prising a point to which the currsnt results of measure- 
ments are referred. Secondary radiation (scattered co- 
herent and incoherent Compton radiation, fluorescence 
radiation), resulting from this zone, is transported to one 
or more detectors. The scanning of the object's zone 
under study is realized by moving said zone. Simulta- 
neously the coordinates of the point of X-ray concentra- 
tion of the zone are defined and fixed to which point cur- 
rent results of measurement are referred. The density 
of the object's sutistance in said point is evaluated on 
the basis of the vaiues of secondary radiation intensity 
obtained from one or more detectors and defined at the 
same time with the coordinates of this point. The ol>- 
tained values, taken as the indices of density of the ot> 
Jecf s substance, in combination with the coordinate val- 
ues corresponding to them, are used for matelling the 
picture of distribution of substance density of the ob- 
ject's area under study. For scanning the area under 
study ttie zone of X-ray concentration is moved by rel- 
ative shifting the object under study and the X-ray sourc- 
es that are in a fixed position relative to each other, to- 
gether with the means for X-ray concentration, the 
means for transportation of the secondary radiation to- 
wards the detectors, and the detectors themselves. 
[0008] A common feature of the icnown ([2|, p. 
138-146,[3], p. 471-472) and the proposed method oon- 
sists in acting on the object under study with X-rays with 
relative shifting of the ot>|ect under study and the X-ray 
optical system, the latter including X-ray sources togeth- 
er with their control means and detectors. 
[OOOq One characterizing feature of the proposed 
method consists in the step of concentration of X-rays 
in the zone comprising the point to which the current re- 
sults of measurements are referred. Scanning is a com- 
mon feature for Icnown and proposed methods, t>ut in 
the latter it is effected in an entirely diflierent way. name- 
ly, by moving the cument position of the zone of X-ray 
concentration to the vicinity of the next point, for which 
the substance density of the object understudy shaD be 
defined. Another diaracterizing feature Is the step of 
transporting the secondary radiation (scattered Comp- 
ton coherent and incoherent radiation, fluorescent radi- 
ation), excited in the concentration zone, from this zone 
to the detector (detectors). 

[0010] In this case that acts on the detector (deteo- 
tors) but said secondary radiation it is not the radiation 
from the source itself that passes through the subject 
under study. As is well known (see J. Jacicson, "Classi- 
cal Electroc^amics', Moscow, pubi. house "Mir, 1965, 
pp. 537- 538 [4]), the intensity of the secondary radia- 
tion, with ail other conditions remaining unchanged is 
proportional to the density of the substance, in which 
this radiation is excited, Irrespective of the nature of the 
substance, owing to this fact the secondary scattered 
radiation representing a disturbing factor in the icnown 
method, becomes the Information factor. The utilization 
of the current values of the intensity of the secondary 
radiation as a coefficient of sutistanoe density in the 



point to which the cuaent results of measurements are 
referred, is also a characterizing feature of the proposed 
method. 

[001 1] According to one specific embodiment one or 
s more collimators are used to conoenfrate X-rays in the 
zone with the point to which the current results of meas^ 
urements are referred. In this case en according quan- 
tity of X-ray sources spaced apart over the area is used. 
The secondary radiation formed is transported to one or 
more detectors ateo by one or more coHimators. in this 
case all collimators are oriented sucfi that the axis of 
their central channels meet in the point to which the cur- 
rent resuits of measurements are referred. 
[0012] According to another embodiment the X-^ay 
concenfration in the zone with the point to which the cur- 
rent results of measurements are referred is obtained 
by using one or more X-ray hemlienses which transfdmn 
the dlveigent radiation of the according quantity of X- 
ray sources spaced apart over the area into quasi-par- 
allei radiation. In this case the secondary radiation 
formed is transported to the one or more detectors by 
one or more X-ray hemlienses or lenses, focusing said 
radiation on the detectors. Transporting the secondary 
radiation to the one or more detectors can also be ef- 
fected by means of one or more X-ray hemlienses form- 
ing a quasi-parallei radiation. In this case ail X-ray lens^ 
es and hentilenses are oriented such that optic axis 
meet the point to which the current results of measure- 
ments are referred. 

[001 3] According to a further embodiment X-ray con- 
centration In the zone with the point to wtdch the current 
results of nneasurements are referred Is realized by 
means of one or more X-ray hemlienses which trane- 
form the divergent radiation of the according quantity of 
the sources spaced af»t over the area Into quasi-par- 
allel transporting of the secondary radiation fbnned to 
the one or more detectors, however, being realized by 
means of one or more collimators. In this case the X-ray 
hemlienses and oollimators are oriented such that the 
optic axis of all X-ray hemlienses and of the central 
channels of ali coliimatore meet in the point to which the 
current results of measurements are referred. 
[0014] The X-ray concenfration in the zone with the 
point to which the current results of measuiements are 
referred can also be effected by of one or more X-ray 
sources spaced apart over the area and an acoording 
quantity of X-r^ ienses that focus the divergent X-rays 
of each source in the point to which the current results 
of measurements are referred, transportation of the sec- 
ondary radiation formed to the one or more detectore 
being realized by means of the X-ray ienses which focus 
this radteition on the detectors and possess the second 
focus in the said point. In the embodiment providing for 
X-rays concenfration in the zone with the point to which 
the current resuits of measurements are referred by the 
use of one or more X-ray sources spaced apart over the 
area and the according quantity of X-ray lenses that fo- 
cus the divergent roentgen rEUllation of each of the 
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sources In the said point, the transportation of the sec- 
ondary radiation formed to the one or more detectors 
can be ralized by use of collimators which are oriented 
such that the optic axis of their central channels meet in 
the same point. 

[0015] The proposed device for image formation of 
the internal structure of an object with the use of X-rays 
contains a means for positioning the object under study 
an X-ray optic system a means tor moving the means 
forposrtioning the object under study and the X-ray optic 
system in relation to each other, a means for data 
processing and Image display, sensors for determining 
the coordinates of the point to which the measurement 
results are referred and which Is located In the obJecTs 
zone under study, the sensors being connected to the 
means for positioning the object under study and to the 
X-ray optic system, theiroutputs being connected to the 
means for data processing and display, the X-ray optic 
system comprising one or more X-ray sources, means 
for concentrating the radiation from said one or more X- 
ray sources in the zone with the point to which current 
results of measurements are referred, one or more 
means for transporting the secondary radiation formed, 
with detectors for this radiation, at their outputs, the de- 
tectors outputs being connected to the means for data 
processing and display. 

[0010] A common feature of the known and the pro- 
posed device Is tlie presence of the means for position- 
ing the object under study, the X-ray optic system, the 
means for moving the latter relative to each other, the 
coordinate sensors and the means for data processing 
and display. 

[0017] Unlike the known device, the proposed X-ray 
optic system contains means for concentrating the radi- 
ation from said one or more X-ray sources in ttte zone 
with the point to which the OFrent results of measure- 
ments are refen^. Besides, this system contains one 
or more means for transporting the formated secondary 
radiation to the detectors of this radiation, ensuring that 
precisely this radiation (and not the radiation of the 
source (sources) that passed through the subject under 
study) fails at the detectors inputs. The function of the 
coordinate sensors in the proposed device differs Irom 
the function of those in the known device, namely, they 
serve for determining the coordinates of the point to 
which the current results of measurements are referred. 
The function of the means for data processing and dis^ 
play differs as well: these means operates on the Input 
data that directly carry the information at)out tlie sub- 
stance density and the coordinates of the point to which 
these data are rsfsmed. The construction of the pro- 
posed device and the principle of its function create pre- 
requisites for the total elimination of dependency of ac- 
curacy and resolution on the nneans for data processing, 
as these indices of the device quality are practically en- 
tirely defined by the parameters of the means for con- 
centration of X-rays. 

[001 q Other characterizing features of the proposed 



device according to various emt>odiments are described 
below. 

[0019] According to one embodiment the X-ray sys- 
tem of the proposed device contains several X-ray 
5 sources. Thus every means for concentration of the ra- 
diation of the sources in the zone with the point fo which 
the current results of measurements are referred, and 
every means for transporting the secondary radiation 
formed to the detectors, consists of a collimator with 
10 channels that are oriented to the zone of concentration 
of radiation from the X-ray sources. The optical axes of 
the central channels of all collvnators meet in the point 
to which tire current resulte of measurements are re- 
ferred. 

ffiOTSn In this specific embodiment the X-ray sources 
of the X-ray optical system may be quasi-spot-like. The 
channels of the collimators being focused on these 
sources and diverging (widening) towards the means for 
positioning the object under study. A screen with an ap- 
erture is located between the output of each X-ray 
source and the input of the co^esponding collimator. 
[0021] In the same embodiment case the X-ray sourc- 
es of the X-ray system may also be extended, the chan- 
nels of the coiilmators converging (narrowing) towards 
the means for positioning the object under study. 
[0022] In another embodiment of the proposed de- 
vice, the X-ray sources of the X-ray system are quasi- 
spot-nke, each means for concentration of the X-rays in 
the zone with the point to which the current results of 
measuremente are referred being made as an X-ray 
hemiiens that transforms the divergmt radialkm of the 
corresponding source to quasi-parallel, and each 
means for transporting the Compton secondary radia- 
tion formed towards the detector being made as an X- 
ray hemiiens that focuses this radiation on the detector. 
The optic axes of ail X-ray hemQenses meet In the point 
to which the current resulte of measuremente are re- 
ferred. 

[0023] in a farther embodiment of the proposed de- 
vice, as in the previous one, the X-ray sources of the X- 
ray system are also quasi-spot-iike, each means for X- 
ray concentration in the zone with the point to which the 
current resulte of measuremente are referred, being 
made as X-ray hemltens that transforms the divergent 
radiation of the corresponding source to quasi-parallel. 
However, in distinction to the previous case, each 
means for transporting the secondary radiation formed 
to the detector is made as X-ray hemiiens having a focus 
In the point to which the current results of measuremente 
are refon-ed transforming the said radiation Into a quasl- 
paraliei one and directing it at the detector. Thus the op- 
tical axes of all X-ray hemllenses meet in the point to 
which the current results of measuremente are referred. 
[0024] According to stOI a further embodiment of the 
proposed devtoe the X-ray sources of the X-ray ofyticai 
system are also quasi-spot-like, each means for con- 
centration of X-rays In the zone with the point to which 
the current resulte of measuremente are referred being 
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made as X-ray hefnilens which transforms the diverigent 
radiation of the oorresponding source to a quasi-parallel 
one. However. In contrast to the embodiment described 
above each means Ibr transporting the secondary radi- 
ation formed to the detector is made as X-ray lens that 
focuses this radiation on the detector and has its the 
second focus In the zone of X-ray ooncentratfon. The 
optic axis of all X-ray hemilenses and lenses meet In the 
point to which the current results of measurements are 
neferred to 

[0025] In the following embodiment as in the previous 
two embodiments, the X-ray sources of the X-ray optical 
system are quasi-epot-IIke and each means for X-ray 
concentration in the zone with the point to which the cur- 
rent results of measurements are referred, is made as 
X-ray hemilens which transforms the divergent radiation 
of the corresponding source to a quasi-parallel one. As 
this takes place each means for transporting the sec- 
ondary radiation formed to the detectors is made as col- 
limator with channels that diverge (widen) towanJs the 
con-esponding detector. The optic axes of all X-ray 
hemilenses and the central channels of the collimators 
meet in the point to which the current results of meas- 
urements are referred. 

[0020] The X-ray optical system of the proposed de- 
vtee can have the following constmction. The X-ray 
sources of this system are quasl-spot-ilke. Each means 
for X-ray concentration In the zone with the point to 
which the current results of measurements are referred, 
is made as X-ray hemilens that transforms the divergent 
radiation of the corresponding X-ray source into a quasi- 
parallel one. Each means for transporting the secondary 
radiation formed to the detector Is made as a ooiiimator 
having channels which converge (narrow) towards the 
con^esponding detectors. The optic axes of aD X-ray 
temilenses and the central diannels of the collimators 
meet In the point to which the current results of meas- 
urements are referred. 

[0027] The next embodiment of the proposed device 
is charact^ized by the following features: The X-ray 
sources of the X-ray optical system are quasi-spot-iike; 
each means for X-ray concentration in the zone with the 
point to which the current results of measurements are 
refemsd is made m X-ray hemilens that focuses the di- 
vergent radiation of the X-ray source; each means for 
transporting the secondary radiation formed towards the 
detector Is made as a collimator with channels that nar- 
row (converge) towards the oorresponding detector. 
Thus the optic axes of ail X-ray lenses and the central 
channels of the collimators nr>eet in the point to which 
the current results of measurements are referred. 
[002q One more embodiment of the device Is char- 
acterized by the following feature: 
The X-ray sources of the X-ray optical system are quasi- 
spot-like; each means for X-ray conoentratton in the 
zone with the point to which the current results of meas- 
urements are referred, is made as X-ray lens that focus^ 
es the divergent radiation of X-ray source; each means 



for transporting the Compton secondary radiation 
formed towards the detector is made as a collimator with 
channels that widen (diverge) towards the correspond- 
ing detector. Thus the optic axes of an X-ray lenses and 
5 the central channels of the colGmators meet In the point 
to which the current resuHs of measurements are re- 
ferred. 

[0029] The proposed inventions are Illustrated by the 
enclosed drawings in which 

10 

Fig. 1 depicts the basic principaies of the proposed 
device and represents a scheme showing the loca- 
tion and interconnection of the main elennents of the 
device for carrying out the proposed method: 

IS 

Rgs. 2 and 3 depict embodiments of the proposed 
method and device with the use of colDmators for 
concentration of X-ray and transporting the second- 
ary radiation towars the detectors; 

Rgs. 4 and 5 depict the same with the use of X-iay 
hemilenses; 

Fig. 6 depict the same with the use of X-ray 
hemilenses for X-ray oonoentration and "full" X-ray 
lenses for transporting the secondary radiation to- 
wars the detectors; 

Figs. 7 and 8 depict the same with the use of X-ray 
hemilenses for X-ray concentration and colDmatoia 
for transporting the secondary radiation towars the 
detectors; 

Rg. 9 depicts the same with the use of X-ray lenses 
for X-ray concentration and transporting the seo- 
ondary radiation towards the detectors; 

Rgs. 10 and 11 depict the same with the use of X- 
ray lenses for X-ray oonoentration and colDmators 
for transporting the secondary radiation towards the 
detectors. 

[0030] The proposed method is canied out by means 
of the proposed suggested device as follows: 
[0031] Divergent X-rays from the quasi-spot-llice 
source 1 (Rg. 1} is focused by X-ray lens 2 in the pre- 
detemiined point 4 of the area under study 7 of an object 
5 (for instance a biological object). This object 5 is po- 
sitioned as required by means of thb means for position- 
ing 10. The radiation that Is focused in the point 4, m- 
cites the secondary scattered radiation of the sut>stence 
of the object 6 (coherent and incoherent Compton radi- 
ation, fluorescence radiation). The Intensity of the seo- 
ondary radiation is proportional to the density of the sut>- 
stance from which the radiation appears with a precision 
that includes also the fluctuations that are caused by the 
stochastic character of the process of exciting of the 
secondary radiation appears. The locus of the second 
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X-ray lens 3 is in the same point 4. Lens 3 captures and 
then Ibcuses the scattered secondary radiation on the 
detector 6, which transforms it to an electrical signal that 
l8 conducted to the input of the means for data process- 
ing and display 12. TTie position of the common focus 
point 4 of the lenses 1 and 3 is chosen liy moving the 
means 10 for positioning the object and the group of the 
devices elements (the X-ray optical system 8 with X-ray 
source 1, X-fay lenses 2, 3. and the detector 6 of radi- 
ation} relative to each other. 

[0032] It should be explained that the lenses for oon- 
trolling the X-rays (focusing the divergent radiation, 
fonning a quasl-paraUel beam from the devergent radi- 
ation, focusing of the quasi-parallel beam, etc) repre- 
sent a oorrMiatlon of curved channels for transporting 
the radiation. The radiation in these channels is exposed 
to multiple total extemai reflections (see, for Instance: 
Arkadlev VA.. Kolomlyteev A.I., Kumakhov M^. et al. 
Broadband X-ray optic with wide angular aperture. The 
Progress of Physics, 1989, vol. 157, issue 3, p. 529-537 
[6]. where the first lens of this type Is described; US pat- 
ent No. 5744813 (publshed 28.04.98} [7]. where the 
modem lens is described). A lens as a whole is barrel- 
shaped (i.e. it is narrowing toward both ends), if the lens 
is meant for focusing the divergent radiation, or it is half 
barrel-shaped (l.e. only one end Is narrowing), if it is 
meant tor transforming divergent radiation Into quasi- 
parallei radiation, or Ibr focusing said radiation. The 
terms '*full lens" and ''hemllens" are widely used for the 
lenses of said twvo types. 

[0033] Rg 1 depicts two possible variants of flinction- 
Ing and usage appllcalion of the device. In one variant 
the means 10 for positioning the object under study with 
the object under study 5 placed in it. is static, and the 
X-ray system Is moved, (Fig. 1 , arrows 9 show the pos- 
silHllty of displacement of the X-ray system), preserving 
the mutual arrangement of the elements 1 , 2, 3 and 6 
(consequently preserving also the common focus of the 
lenses 1 and 3). In the other variant, vice versa. X-ray 
system 8 is static, and the means 10 for positioning the 
ot>|ect under study 5 displace together with the object 5. 
The decision to use one variant on the depends on the 
size of the object 5 and its weight as compared to size 
and weight of the group of the above-listed elements 
that make up X-ray system 8. 

[0034] The device contains also a coordinate detector 
11 that reacts to the relative displacement of X-ray o|>- 
tical system 8 and the means 10 for positioning, the lat- 
ter being connected with the detector 11 . The detector 
11 must be adjusted to form signals that are proportional 
to the current coordinates of the common focus point 4 
of the lenses 2 and 3 in relation to the chosen origin of 
reading which Is connected to the means 10 for posi- 
tioning. The output signals of the detector 11 , as well as 
the output signal of the detector 6, arB supplied to the 
inputs of the means 12 for data processing and display, 
in this case the focus point 4 is the point to which the 
current results of measurements are refen^d; the radi- 



ation of the source 1 is concentrated, in fact, in the sur- 
roundings of this point, considering the finfte dimension 
of the focus zone of X-ray lens 2. The means 12 for data 
processing and display provides for Image reconstruo- 
s tion of density distribution, realizing one or other forma- 
tion algorithm of two- or three-dimenslonai image on the 
screen (see, for Instance, E. l-apshin. Graphics for IBM 
PC. Moscow, pubi. house "Solon", 1995 p]). In the sim- 
plest case, when, for Instance, scanning (the displace- 
to ment of the zone of X-ray concentration with the point 4 
to which the current results of measurements are re- 
ferred) Is realized on some plane section of the object 
5, image scan of the means 12 with long afterglow on 
the screen can be performed simultaneously. The stor- 
es ing of the definite number of the measurement results 
with the suoceecfing periodical Image scan is possible 
as well, etc 

[OOSq The prindpai of operation of suggested inven- 
tions is t>ased on the tact that the density of the scattered 
secondary Compton radiation (the probability of quanta 
formation of this radiation) Is proporUonai to the 8ut>- 
stance density, all other lactors being equal (in particu- 
lar, at given primary X-rays intensity, acting on tlie sub- 
stance). 

[0036] As it was said in the description of the suggest- 
ed method and device essence, the main featuiB of 
these inventions is the use of quanta of the scattered 
secondary Compton radiation as informants, as distinct 
from the Icnown methods and devices. In which the 
quanta have harmful efltet. As was mentioned above, 
when the proposed Inventions are used In medicine, the 
possibility of production of the reasonable accuracy, 
when ttie Irradiation doses of biological tissues de- 
crease, is the important advantage. 
[0037] To estimate the possible gain lef s take the fol- 
lowing suppositions: the photons energy Is E=SO IceV; 
X-rsys concentration zone is at the 50 mm depth and 
has dimensions 1 mmx 1 mmx 1 mm (these values are, 
Ibr Instance, dwacteristic for the observing conditions 
and precise work in the mammography researches); the 
detector senses 5% of the secondary radiation, originat- 
ing at 5 cm depth (this supposition means that the seo- 
ondary radiation covers a distance of 5 cm in the pa- 
tienTs body, before this radiation fails on the Input of the 
means for the radiation transporting to the detector, thus 
the capture angle of the lens or coliimater, delivering the 
secondary radiation to the detector, is 0,05 x 4k stera- 
dian). Taking Into account thatthe linear photon absorp- 
tion factor In the patienTs body Is close to such In the 
water, at the energy of -e=50 keV It is of the order of 2 
X 10-^ 1/cm, so we get the following: the intensity of the 
primary radiation beam, penetrating at the depth of 5 
cm, decreases In exp(2 x 10-^ x 5) = e« 2,71 times. The 
intensity of the secondary radiation (ll» photon energy 
Is close to 60 keV) demmes, as well. In e « 2,71 times, 
emerging from the patienf s body. Thus, the total interv 
sity loss as a result of the nadiatlon absorption In the 
patienTs body is e x e » 7,3 times. Lets take into con- 
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sideration only Compton component of the secondary 
radiation, underrating the estimated gain. The probabil- 
ity of formation of c^anta of the Compton secondary ra- 
diation at the thiclcness is 9 = x x Ax, where the 
section of the secondary Compton scattering Is = 6.55 s 
X 10'^^ cm^; the electrons density in the water is = 3 
X 1023 l/cm^. Thus, at Ax = 1 mm = lO^'' cm the proba- 
bility of <p = 6.55 x 1(h2Sx3x 1023x 10-1 «2x 10-2 In 
other words, in average, 1 : (2 x 10~2) = 50 photons of 
the primary radiation are necessary to form one second- 
ary photon on the length Ax = 1 mm. 
[0038] Lefs require that the error of the density esti- 
mate (i.e. the quantity of secondary photons dating) 
should be of 1% order. With consideration of the prob- 
al>le process character the mean square value of the 
relative error Is a = 1/(N)^^, where Nl is the quantity of 
the registered photons. N = 10000 corresponds to the 
value a = 0,01. 

[0039] Now If s possible to set up a simple equation 
for - the necessary quantity of primary photons, pen- 
etrating 5 cm depth and forming there the secondary 
Compton radiation. It penetrates, in Its turn, 5 cm depth, 
and in this case N = 10000 photons fan on the detector 

fi^xB'^ x 5x 10"^ x 2 x 10"^ 10*. 

PMMIQ Here the coeflRcient 5 x 10-2 means that only 
5% = 5 x 10~2 photons fall on the detector and are reg- 
istered of the total quantity of the formed secondary pho- 
tons. The equation gives 1^ = 7,3 x 10^. 
[0041] Photons with the energy E = 50 keV form the 
Irradiation zone equal to 1 roentgen, if the photon flux 
is equal to 2,8 x 10'*° 1/cm2 (tabulated data for the rela- 
tionship t)etween the photon energy, their quantity and 
the doze see, tor instance, in [2]). if the cross-section of 
the primary X-rays t>eam is equal to 1 cm2 on the input 
of the patienfs body, so the flux 7,3 x 10^ 1/cm2 forms 
the Irradiation zone equal 2,6 x 10-3 roentgen in the par 
tienfs body. 

[0042] In traditional X-rays tomography, for instance, 
when examining osteoporosis, the irradiation doze is 
usually 1 00 -I- 300 mililroentgen. I.e. 100 times larger (V. 
i. Mazurov, E.6. Zotidn. Topical questions of oste- 
oporoses diagnostics and treatment Saint-Petersburg. 
IKF "Foiiant". 1098, p. 47 [8]). 

[0043] The doze can t>e decreased in several times if 
the Irradiation is performed from several sources, which 
beams fall on the concentration zone In different ways 
and thai don't store in the patient's body. 
[0044] Therfore If s more appropriate to use that var- 
iants of carrying out the suggested method and device. 
In which several spaced X-ray sources and the detec- 
tors with corresponding quantity of the means for radi- 
ation concentration and the secondary Compton radia- 
tion transporting towards the detectors (lenses, half- 
lenses, ooillmators) are used. On one hand. It allows to 
obtain more efbctive radation concentration (if the only 



means for concentration is used this concentration is 
possible only with the use of X-ray lens, as shown In fig. 

I) , and to increase the signal/noise relation on the de- 
tectors outputs. On the other hand, It makes possible to 
spread X-rays influence on the object under study, and 
to avoid the irradiation over doze on the object parts, 
which are not siq>posed to be stu<fied. The use of sev- 
eral detectors with simple averaging (or more compli- 
cated processing of the output signals of the different 
detectors of the means 12 for dato processing and im- 
age (for instance, "weighting" averaging), or processing, 
considering the presence of densities correlation in the 
points close to each other), all other things being equal, 
allows to use X-ray sources of lesser power without the 
accuracy tooslng. Besides, as averaging, the influenoe 
of other factors, decreasing the accuracy, falls (for in- 
stance, various absorption of the radiation by the source 
on the way towards the difTerent points for the density 
determining, and the secondary radiation on the way 
from these points toward the inputs of the means for the 
secondary Compton radiation transporting towards the 
detectors). 

10046] These rariants are examined below (flg. 1 -fig. 

II) . 

[0046] The variants, shown In Fig. 1 and Fig. 2, are 
simplest for the technical realization. 
[0047] In the scheme in Rg. 2 quasi-pointed X-ray 
sources 1 and the collimators 13 with the channels, di- 
verging (widening) toward the radiation distribution for 
this radiation concentrating In the zone 16, are used. 
The screens 14 with apertures for the radiation trans^ 
mission on the collimators inputs, arid preventing the ra- 
diation direct failing on the object (bypassing the colli- 
mators), are positioned between the source 1 and the 
collimators 13. The secondary radiation is transported 
to the detectors 6 by the collimators 15 with the chan- 
nels, converging (narrowing) toward the radiation prop- 
agation (i.e. toward the detectors 6). These channels 
can have the focus on the detectors sensitive surface. 
It's possible to use. as the detectors 6 for Instance, the 
semiconductor detectors with the small entrance aper- 
ture. 

[004q in Fig. 3 the collimators have the orientation, 
opposite the one, shown in the Fig.2. It's appropriate to 
use the extended X-ray sources 17 to teke full advan- 
tegeof the entrance aperture of the collimators 18, con- 
centrating the radiatfon In the zone 16. Ifs the same rea- 
son to use the detectors 20 with the wide aperature (for 
Instance, of the scintillation type). 
[0049] In Fig. 4 the means for the radiation concen- 
tration of the quasi-pointed sources 1 and the means for 
the secondary radiation transporting are made as X-fay 
half-lenses 21, 22 con-espondlngiy. As this takes place 
the half-lenses 22 focus the scattered secondary radia- 
tion on the detectors 6. 

[0050] In Fig. 5 the means for the radiation ooncen- 
tration of the quasi-pointed sources 1 and the means for 
the secoTKiary radiation transporting are made as Xnay 
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half-lenses 21, 23 correspondingly. As this takes place 
the hatf-lenses 23 transfonn the scattered secondary ra- 
diation to quasi-parallel and direct it to the detectors 20 
with the wide entrance aperture. 

[0051] In Fig. 6 the combined variant is shown: the 5 
means for the radiation oonoentration of the quasi-point- 
ed sources 1 are made as X-ray halMenses21 , directing 
the parallel beams to the zone 16. And the means for 
the secondary Compton radiation transporting to the de- 
tectors 6 are made as the "fuir X-ray lenses 3. io 
[00S2] In Figs. 7 and 8 the other combinations are 
shown, differing from the previous one In the feet that 
the means Ibr the secondaiy Compton radiation trans- 
porting toward the detectors are made as the collima- 
tors. 15 
[0053] In Fig. 7 the collimators 1 9 have the channels, 
widening to the detectors 6, and the last ones have the 
wide entrance aperture. 

[0054] In Rg. 8, the collimators 15. vice versa, have 
the channels, narrowing to the detectors 6, and the last 20 
one have the narrow entrance aperture. 
[0055] In Rg. 9 the most effective variant with respect 
kA the accuracy and resolution is 8hown.^ln this variant 
the means for the radiation concentration of quasi-point- 
ed sources 1 and the means for the secondary radiation 25 
transporting to the detectors 6 are made as the ttiir 
lenses 2 and 3 correspondingly (compare this variant 
with Itie one. shown In the Rg. 1). 
[0056] in Rg. 10 and 11 two more combined variants 
are shown. They are common in using the *^i" X-ray 30 
lenses 2 as the means for the radialion ooncentraticn of 
the quasi-pointed sources 1. 

[0057] in Rg. 1 0 the use of the collimators 15, nanrow^ 
Ing toward the detectors, is shown as the means for the 
secondary radiation transporting to the detectors 6 with 35 
the narrow aperture. 

[0058] In Fig. 11 the use of the collimators 19, widen- 
ing toward the detectors, is shown as the means for the 
secondary Compton racfiation transporting to the detec- 
tors 20 with the wide aperture. 40 
[0059] The use one or another scheme of realization 
of the method and the device modeling depends on: the 
opportunity to use such effective means for radiation 
concentration and transporting 0-e. X-ray lenses and 
half-lenses), and the required resolution. The last factor 4$ 
Influences on the choice of the lenses and half-lenses 
parameters as well (such as the size of the focal spot, 
the extent of the focal zone toward the lens optic axis, 
etc.). Thus it must be talcen Into account that the reali- 
zation of the high resolution when using the 'full'* lenses so 
(of some parts of millimeter and higher) demands more 
time for scanning of ttie subject area under study. Other 
circumstances must be talcen into account as well, such 
as the availability the X-ray sources of needed capacity 
and size, etc. ss 
[0050] The availability of described embodiment and 
many other embodiments of the proposed method and 
device gives various opportunities for constmction of the 



means for intraviewlng, satisfying the placed concrete 
requirements. 
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Cimtm 

1. A method of producing the image of the inrtemal 
structure of an object by X-rays, when the object is 
irradiated by the X-rays, and the output signals of 
one or more detectors of radiation are used to get 
the information at>out the substance density of the 
object, wherein the X-rays are concentrated in a 
zone within the object's are (7) under Investigation; 
said zone comprising a point (4), to which the cur- 
rent results of measurements are referred; second- 
ary radiation arising in said zone is directed to one 
or more detectors (6): 

scanning of said object's area (7) understudy is car- 
ried out by movement of said zone; 
the densH^ of the objecfs substance in said point is 
rated on the set of values of the secondary radiation 
Intensities obtained by means of one or more de- 
tectors (6), and determined simultaneously with co- 
ordinates of said point (4), to which current results 
of measurements are referred. In the zone of con- 
centration of X-ray radiation; 
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pattern of distribution of the substance density in 
said object's area (7) under study Is reoonstruded 
on the base of values of density and the corre- 
sponding vaiues of coordinates. 

2. The method of claim 1 , wherein 

X-rays are concentrated in the zone (16), Including 
the point, to which cument results of measurements 
are referred, placed in ItieobjecTs area understudy, 
by means of one or more collimators (13. 1 6), using 
corresponding number of X-ray sources spaced 
apart (1); 

arising secondary radiation is directed to one or 
more detectors (6, 20) by one or more collimators 
(15,19) » w^l; 

thus ail collimators are oriented in a way that axes 
of their central channels are crossed in said point, 
current results of measurements are referred to. 

3. The method of claim 1, wherein 

X-rays are concentrated in the zone (16), Including 
the point to which cwrent results of measurements 
are referred, by means of one or more X-ray half- 
lenses (21), transfemng the divergent radiation of 
corresponding numl)er of X-ray sources ( 1 ), spaced 
apart, to quast-parallel; 

arising secondary radiation Is directed to one or 
more detectors (6, 20) by means of one or more X- 
ray half-lenses (22, 23), focusing said radiation on 
the detectors or fbrnting quasi-parallel radiation; 
thus ailX-ray half-lenses are oriented In a way that 
their optic axes are crossed in the point, current re- 
sults of measurements are referred to. 

4. The method of claim 1 , wherein 

X-rays are concentrated In the zone (16). including 
the point, current results of measurements are re- 
ferred to, by means of one or more X-ray half-lenses 
(21), transfenrlng the divergent radiation of corre- 
sponding number of X-ray sources (1), spaced 
apart, to quasi-parallel; 

arising secondary radiation is directed to one or 
more detectors (6) by means of one or more X-ray 
lenses (3), focusing said radiation on the detectors 
(6): 

thus all X-ray haif-ienses and lenses are oriented In 
a way that their optic axes are crossed in the point, 
current results of measurements are referred to. 

5. The method of claim 1 , wherein 

X-rays are concentrated In the zone (16), including 
the point, to which current results of measurements 
are referred, placed within the area under study, by 
means of one or more X-ray half-lenses (2 1 ), trans- 
ferring the divergent radiation of oorresporuling 
number of X-ray sources (1), spaced apart to qua- 
si-parallel; 

arising secondary radiation is directed to one or 



more detectors (20) by means of one or more colli- 
mators (19); 

thus X-ray half-lenses and collimators are oriented 
in a way that the potic axes of the halMenses and 
^ the central channels of the collimators are crossed 
in the point, current results of messurements are 
referred to. 

6. The method of claim 1 , wherein 

fo X-rays are concentrated In the zone (4). including 
the point, to which current results of measurement 
are referred placed within the area under study, by 
means of one or more X-ray sources (1) and corre- 
sponding number of X-ray lens (2), focusing the di- 
15 vergent X-rays of each source (1) in said point (4) 
current results of measurements are referred to; 
arising secondary radiation is directed to one or 
more detectors (6) by means of X-ray lenses (3), 
focusing said radiation on the defectors (6) and hav- 
20 ing the second focus in said point 

7. The method of dalm 1 , wherein 

X-rays are concentrated in the zone (4), including 
the point, to which current results of measuremente 

2S are referred, placed within the area under study, by 
means of one or more X-ray sources (1). using one 
or more X-ray sources (1), spaced apart, and cor- 
responding number of X-ray lenses (2), focusing the 
divergent X-rays of each source (1) in said point (4). 

30 current results of measurements are referred to; 

arising secondary radiation Is directed to one or 
more det^ors (6, 20) by means of collimators (1 5, 
19), oriented In a way that the optic axes of their 
central channels cross in said point. 

39 

8. A device for produdng the image of the internal 
structure of an object by X-rays, oomprteing: 

means for positioning (10) of the object under 
^ study (5); 

a X-ray system (8); 

means for relative displacement of the means 
^ for positioning (10) of the object under study (5) 

and the X-ray system (8); 

means (12) for data processing and Image, 
wherein the X-ray system (8) comprises one or 
«o more X-ray sources (1); 

means for concentrating (2) of radiation of said 
one or more X-ray sources (1) in the zone, in- 
cluding the point (4). to which current results of 
ss measuremente are referred; 

one or more means (3) for arising secondary 
radiation; 
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detectors (6) of said radiation, placed at the out- 
puts of said means (3); 

outputs of said detectors is connected to the 
means (12) Ibr data processing and Image: 

detectors (11) for det^mination the coordiant- 
es of the point (4) are connected with Itie means 
for positioning (1) of the object (5) under study 
and X-ray system (8); 

said point (4) within the object's (5) area under 
study, to which said measurement results are 
referred J 

said detectors (11) are connected by their out- 
puts to the means (12) for data processing and 
image. 

9. The device of cialm 8, wherein the X-ray system 
comprises several X-ray sources (1,17); 
means for the concentration of the radiation of said 
sources In the zone (18), Including the point, to 
which the current resuite of measurements are re- 
ferred, and means for directing the secondary radi- 
ation, arising in said point, to detectors (6^0) are 
formed as a collimator (13, 15, 18, 19); 

said collimators have channels, oriented in the zone 
(16) of concentration of the radiation of the said X- 
ray sources; 

thus the optical axes of the central channels of all 
collimators cross in the point, to which the current 
results of measurements are referred. 

10. The device of daim 9, wherein X-ray sources (1). 
comprised in the X-ray system (8), are quasi-point- 
ed; 

ooliimators (13, 15} have channels, focused on said 
sources and being divergent in the direction to the 
means for positioning the object (5) under study; 
a so-een (4) with an aperture is placed t>etween the 
output of each X-ray source (1) and the Input of cor- 
responding collimator (13). 

11. The device of ciaim 9. wherein X-ray sources (17), 
comprised in the X-ray system (8), are prolongated; 
ooilbnators (18, 19) have channels, converging in 
the direction to the means for. positioning the object 
under study. 

12. The device of ciaim 8, wherein the X-ray sources 
(1), comprised in the X-ray system (8), are quasi- 
pointed; 

means for X-ray concentration In the zone (16), in- 
cluding Vne point, to which the current results of 
meanurements are referred, are formed as X-ray 
half-lens (21), transforming the divergent radiation 
of the Gorresponging source (1) to quasl-panailel; 



means for arising secondary radiation transporting 
to the detector (6) are fomied as X-ray half-iens 
(22), focusing said radiation on the detector (6); 
thus optic axes of all X-ray haif-ienses cross in the 
point, to which current resuHs of measuremente are 
referred. 

13. The device of claim 8, wherein the X-ray sources 
(1), comprised in the X-ray system (8), are quasi- 
pointed; 

means for X-ray concentration In the zone (16), In- 
cluding the point, to which the current results of 
measurements are refened, are formed as X-ray 
half-iens (21), transforming the divergent radiation 
of the corresponding source (1) to quasi-parallel; 
means for arising secondary radiation transporting 
to the detector are formed as X-ray haif-lens (23), 
torming quasi-parallel radiation and having the fo- 
cus in the zone (16) of radiation concentration; 
thus optic axed of ail X-ray haif-ienses cross in the 
point, to which the current results of menurementa 
are referred. 

14. The device of claim 8, wherein the X-ray sources 
(1), comprised in the X-ray system (8), are quasi- 
pointed; 

means for X-ray concentration In the zone (16), in- 
cluding the point, to which the current results of 
measurements are referred, are formed as X-ray 
half-lens (21), transforming the divergent racfiation 
of the corresporufing source (1) to quasf-parsdlel; 
means for arising secondary radiation transporting 
to the detector (6) are formed as X-ray tens (3), fo- 
cusing said radiation on the detector (6) and having 
the second tocus in the zone (16) of radiation con- 
centration; 

optic axes of all X-ray half-lenses and tenses cross 
in the point, to which the current resuite of meas- 
urements are referred. 

15. The device of claim 8, wherein the X-ray sources 
(1), comprised in the X-ray system (8), are quasi- 
pointed; 

means for X-ray oonomtration In the zone (1 6), In- 
cluding the point, to which the current results of 
measuremente are referred, are formed as X-ray 
half-lens (21), transforming the divergent radiation 
of the corresponding source (1) to quasi-parailel; 
means for arising secondary radiation transporting 
to the detector (20) are formed as a collimator (19) 
with channels, diverging to the direction of the cor- 
responding detector; 

optic axes of all X-ray lenses, haif-ienses. and the 
central channels of the collimators cross in the 
point, to which the CLnrrent resuite of measuremente 
are referred. 

16. The device of claim 8, wher^n the X-ray sources 
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(1), comprised in the X-ray system (8), are quasi- 
pointed; 

means for X-ray conoenlration in the zone (16), in- 
cluding the point, to which the current results of 
measurements are referred, are formed as X-ray 
haif-iens (21), transforming the divergent radiation 
of the corresponding source to quasi-parallel; 
means for arising secondary radiation transporting 
to the detector (6) is made as a collimator (16) with 
the channels, converging to the direction of the cor- 
responding detector; 

optic axes of ail X-ray half-lenses and the central 
channels of the collimators cross in the point, to 
which the current results of measurements are re- 
ferred. 
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with channels, diverging to the direction of the cor- 
responding detector; 

thus optic axes of all X-ray lenses and the central 
channels of the collimators cross In the point, to 
which the current results of measurements are re- 
f erred. 
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17. The device of daim 8, wherein the X-ray sources 
(1), comprised In the X-ray system (8), are qu^- 
pointed; 

means for X-ray concentration In the zone (16), in- 20 
eluding the point (4) to which the current results of 
measurements are referred, are formed as X-ray 
lens (2), fbcusing the divergent radiation of X-ray 
source (1); 

means for arising secondary radiation transporting 25 
to the detector (6) are formed as X-ray lens (3). fb- 
cusing said radiation on the oorresportding detec- 
tor; 

optic axes of all X-ray lenses cross in the point, to 
which the current results of measurements are re- 30 
ferred. 



18. The device of claim 8, wherein the X-ray sources 
(1), comprised in the X-ray system (8), are que^ 
pointed; 95 
means fbr X-ray conoenlration In the zone (16), in- 
cluding tlie point, to which the current results of 
measurements are referred, are formed as X-ray 
lens (2), focusing the divergent radiation of X-ray 
source (1); 40 
means for arising secondary radiation transportln to 
the detector (6) are formed bs the collimator (15) 
with the channels, converging to the direction of the 
oorrespondlng detector; 

optic axes of ail X-ray lenses and the central chan- 46 
nels of the collimators cross in the point, to which 
the current results of measurements are referred. 

19. The device of daim 8, wherein the X-ray sources 
(1), comprised in the X-ray system (8), are qimsi- so 
pointed; 

means for X-ray concentration in the zone (16), in- 
cluding the point, to which the current results of 
measurements are referred, are formed as X-ray 
lens (2), focusing the divergent radiation of X-ray ^ 
source (1); 

means for arising secondary radiation transporting 
to the detector (20) are formed as a collimator (19) 
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Fig. 3 
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Fig. 7 
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